(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

iiiiioiiiiiiiiiDiiuyiiiiiuiiiiiBiniiDii 



(19) World Intellectual Property 
Organization 
International Bureau 



(43) Internationa] Publication Date 
2 September 2004 (02.09.2004) 




PCT 



(10) International Publication Number 

WO 2004/075263 A2 



(51) International Patent Classification 7 : 



H01L 



(21) International Application Number: 

PCTAJS2004/004929 

(22) International Filing Date: 18 February 2004 (18.02.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/448,713 



19 February 2003 (19.02.2003) US 



(71) Applicant (for all designated States except US): THE 
TRUSTEES OF COLUMBIA UNIVERSITY IN THE 
CITY OF NEW YORK [US/US]; 116th Street and 
Broadway, New York, NY 10027 (US). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): BV1, James, S. 
[US/US]; 520 West 114th Street, Apt 74, New York, NY 
10027 (US). 

(74) Agents: RAGUSA, Paul, A. et al.; Baker Botts LLP, 30 
Rockefeller Plaza, New York, NY 10112-4498 (US). 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI.NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SB, SG, SK, SL, S Y, TJ, TM, 
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, 
ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, 
GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA/GN, GQ, GW, 
ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations'* appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



(54) Title: SYSTEM AND PROCESS FOR PROCESSING A PLURALITY OF SEMICONDUCTOR THIN FILMS WHICH ARE 
CRYSTALLIZED USING SEQUENTIAL LATERAL SOLIDIFICATION TECHNIQUES 



110 120 130 



LASER 



Jr^-i) 

/ ENERGY / 
■±H DENSITY J-V 
MODULATOR 



200 



135 



BEAM 
ATTENUATOR 
AND SHUTTER 


/. 


BEAM 
DIRECTING 
ARRANGEMENT 





100 



< 

in 




O 



(57) Abstract: A process and system are provided for processing at least one section of each of a plurality of semiconductor film 
samples. In these process and system, the irradiation beam source is controlled to emit successive irradiation beam pulses at a prede- 
termined repetition rate. Using such emitted beam pulses, at least one section of one of the semiconductor film samples is irradiated 
using a first sequential lateral solidification ("SLS M ) technique and/or a first uniform small grained material fUGS") techniques to 
process the such sections) of the first sample. Upon the completion of the processing of this section of the first sample, the beam 
pulses are redirected to impinge at least one section of a second sample of the semiconductor film samples. Then, using the redirected 
beam pulses, such sections) of the second sample are irradiated using a second SLS technique and/or a second UGS technique to 
process the at least one section of the second sample. The first and second techniques can be different from one another or substan- 
tially the same. 
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SYSTEM AND PROCESS FOR PROCESSING A PLURALITY OF 
SEMICONDUCTOR THIN FILMS WHICH ARE CRYSTALLIZED USING 
SEQUENTIAL LATERAL SOLIDIFICATION TECHNIQUES 

SPECIFICATION 

5 FIELD OF THE INVENTION 

The present invention relates to a system and process for processing a 
plurality of semiconductor thin films (such as silicon thin films) using a pulse energy 
beam. In particular, one exemplary embodiment of the system and process utilizes a 
pulsed beam in conjunction with a sequential lateral solidification ("SLS") technique 
10 to irradiate at least two semiconductor thin films, without stopping the emission of 
energy the pulsed beam. Another exemplary embodiment of the system and process 
also uses a pulsed beam to irradiate sections of the film such that the areas that have 
been irradiated and resolidified which have small-grains therein do not overlap one 
another, and can be used to place therein thin film transistor ("TFT") devices. 

15 BACKGROUND INFORMATION 

Semiconductor films, such as silicon films, are known to be used for 
providing pixels for liquid crystal display devices. Such films have previously been 
processed (i.e., irradiated by an excimer laser and then crystallized) via excimer laser 
annealing ("ELA") techniques. However, the semiconductor films processed using 

20 such known ELA methods often suffer from microstructural non-uniformities such as 
edge effects, which manifest themselves in availing a non-uniform performance of 
thin-film transistor ("TFT") devices fabricated on such films. In addition, it may take 
approximately 200 second to 600 seconds to completely process the semiconductor 
film sample using the ELA techniques, without even taking into consideration the 

25 time it takes to load and unload such sample. 

Other more advantageous processes and systems for processing the 
semiconductor thin films for use in the liquid crystal displays and organic light 
emitting diode displays for fabricating large grained single crystal or polycrystalline 
silicon thin films using sequential lateral solidification ("SLS") techniques have been 
30 described. For example, U.S. Patent Nos. 6,322,625 and 6,368,945 issued to Dr. 
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James Im, and U.S. patent application serial nos. 09/390,535 and 09/390,537, the 
entire disclosures of which are incorporated herein by reference, and which are 
assigned to the common assignee of the present application, describe such SLS 
systems and processes. These patent documents describe certain techniques in which 
5 one or more areas on the semiconductor thin film are, e.g., sequentially irradiated. 
One of the benefits of these SLS techniques is that the semiconductor film sample 
and/or sections thereof can be processed (e.g., crystallized) much faster that it would 
take for the processing the semiconductor film by the conventional ELA techniques. 
Typically, the processing/crystallization time of the semiconductor film sample 1 
10 depends on the type of the substrates, as well as other factors. For example, it is 
possible to completely process/crystallize the semiconductor film using the SLS 
techniques in approximately 50 to 100 seconds not considering the loading and 
unloading times of such samples. 

In order to uniformly process the semiconductor films, it is important 
15 for the beam pulse to be stable. Thus, to achieve the optimal stability, it is preferable 
to pulse or fire the beam constantly, i.e., without stopping the pulsing of the beam. 
Such stability may be reduced or compromised when the pulsed beams are turned off 
or shut down, and then restarted However, when the semiconductor sample is loaded 
and/or unloaded from a stage, the pulsed beam would be turned off, and then turned 
20 back on when the semiconductor sample to be processed was positioned at the 
designated location on the stage. The time for loading and unloading is generally 
referred to as a "transfer time." The transfer time for unloading the processed sample 
from the stage, and then loading another to-be-processed sample on the stage is 
generally the same when for the ELA techniques and the SLS techniques. Such 
.25 transfer time can be between 50 and 100 seconds. 

In addition, the costs associated with processing semiconductor 
samples are generally correlated with the number of pulses emitted by the beam 
source. In this manner, a "price per shot/pulse" is established. If the beam source is 
not shut down (i.e., still emit the beam pulses) when the next semiconductor sample is 
30 loaded unto the stage, or unloaded from the stage, the number of such irradiations by 
the beam source when the sample is not being irradiated by the beam pulse and 
corresponding time therefor is also taken into consideration for determining the price 
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per shot. For example, when utilizing the SLS techniques, the time of the irradiation, 
solidification and crystallization of the semiconductor sample is relatively short as 
compared to the sample processing time using the ELA techniques. In such case, 
approximately half of the beam pulses are not directed at the sample since such 
5 samples are being either loaded into the stage or unloaded from the stage. Therefore, 
the beam pulses that are not impinging the samples are wasted. 

Another exemplary technique for processing semiconductor thin film 
has been developed. In particular, such system and process can produce generally 
uniform areas on the substrate films such that the TFT devices can be situated in such 
10 areas. For example, portions of the irradiated film are irradiated, then nucleated 
(based on the threshold behavior of the beam pulse), and then solidified, such that 
upon re-solidification, the nucleated area becomes a region with uniform small 
grained material (to be referred to herein below as the "UGS techniques"). Thus, such 
UGS techniques are different from the SLS techniques in that for the SLS-techruques, 
the nucleated areas are avoided, while for the UGS techniques, the nucleated areas are 
utilized for placing the TFT devices therein. Indeed, using the UGS technique, there 
can be significant time savings since each irradiated area of the semiconductor thin 
film is irradiated once, without the need to re-irradiate a substantial portion thereof, 
while still providing a good uniform material therein. Many of these UGS techniques 
20 are described in U.S. Patent Application Serial Nos. 60/405,084, 60/405,083 and 
60/405,085, and International Applications PCT/US03/25946, PCT/US03/25972 and 
PCT/US03/25954, the entire disclosures of which are incorporated herein by 
reference. 

Accordingly, it is preferable to reduce the price per shot, without 
25 • stopping the emission of the beam pulses. It is also preferable to be able to process 
two or more semiconductor samples, without the need to stop or delay the emission of 
the pulsed beam by the beam source until the samples are loaded on the respective 
stages. 



15 



30 
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SUMMARY OF THE INVENTION 

To achieve at least some of these objects, various systems and process 
according to the present invention are described below which can be utilized to, e.g., 
sequentially process a semiconductor (e.g., silicon) thin film sample (i.e., by 
5 irradiating and melting thin film of the sample, and allowing melted portions thereof 
to solidify and crystallize) on one stage, while unloading a previously-processed 
sample from another stage, and then loading an unprocessed sample thereon, without 
the need to shut down a pulsed beam. The exemplary embodiments of the systems 
and process for processing the samples in this manner shall be described in further 
10 detail below. However, it should be understood that the present invention is in no 
way limited to the exemplary embodiments of the systems and processes described 
herein. 

One such exemplary embodiment of the process and system according 
to the present invention is provided for processing at least one section of each of a 
15 plurality of semiconductor film samples. With these process and system, the 

irradiation beam source can be controlled to emit successive irradiation beam pulses 
at a predetermined repetition rate. Using such emitted beam pulses, at least one 
section of one of the semiconductor film samples may be irradiated using at least one 
first sequential lateral sohdification ("SLS") technique and/or at least one first 
uniform small grained material ("UGS") technique so as to process such sections) of 
the first sample. Upon the completion of the processing of the sections) of the first 
sample, the beam pulses can be redirected to impinge at least one section of a second 
sample of the semiconductor film samples. Then, using the redirected beam pulses, 
such section(s) of the second sample is irradiated using at least one second SLS 
technique and/or at least one second UGS technique to process the sections) of the 
second sample. The first and second SLS and/or UGS techniques can be different 
from one another, or may be substantially the same. 



20 



25 



According to another exemplary embodiment of the present invention, 
the second sample can be is an unprocessed sample. The first sample can be loaded on 
30 a stage of a first chamber, and the second sample may be loaded on a stage of the 
second chamber. In addition, during the irradiation of the first sample, a third sample 
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of the film samples that was previously irradiated and processed using the first 
SLS/UGS technique(s) and/or the second SLS/UGS technique(s) can be unloaded 
from the stage of the second chamber. Then, the second sample may be loaded unto 
the stage of the second chamber. 

5 hi yet another exemplary embodiment of the present invention, during 

the irradiation of the second sample, the first sample can be unloaded from the stage 
of the first chamber. Thereafter and during the irradiation of the second sample, a 
fourth unprocessed sample of the film samples may be loaded unto the stage of the 
first chamber. Upon the completion of the loading of the fourth sample, the beam 
1 0 pulse may again be redirected to impinge the section(s) of the fourth sample. After 
such redirection, such secti6n(s) of the fourth sample can be irradiated using the first 
SLS/UGS technique(s) and/or the second SLS/UGS techniques) so as to process the 
section(s) of the fourth sample. 

According to still another exemplary embodiment of the present 
15 invention, the beam pulses can be redirected using a beam redirecting arrangement 
which may include a beam reflection device. Further, if is determined that the second 
sample has not been successfully loaded unto the stage of the second chamber, the 
irradiation of the second sample can be prevented or delayed until the second sample 
is successfully loaded unto the stage of the second chamber. If it is determined that 
20 the entire section(s) of the first sample was/were not successfully processed, the 
irradiation of the second sample can be prevented or delayed until the processing of 
all of the section(s) of the first sample has/have been successfully processed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and its 
25 advantages, reference is now made to the following description, taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a schematic block diagram of an exemplary embodiment of a 
sequential-lateral solidification ( 1I SLS") and/or uniform small grained material 
("UGS") processing system according to the present invention which processes 
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semiconductor samples, sequentially, in two or more chambers using a beam directing 
arrangement; 

Fig. 2 is a detailed illustration of an exemplary embodiment of one or 
more chambers shown in Fig. 1 ; 

5 Fig. 3 is a detailed illustration of an exemplary embodiment of the 

beam directing arrangement of Fig. 1 ; 

Fig. 4 is a top-level flow diagram of an exemplary embodiment of a 
process according to the present invention for sequentially SLS-processing or UGS- 
processing two or more samples, each being provided in its respective chamber; and 

0 Fig. 5 is a detailed flow diagram of an exemplary embodiment of the 

process according to the present invention in which one sample on one stage is being 
processed, while previously SLS-processed or UGS-processed sample is removed 
from another stage and an unprocessed sample is loaded thereon, 

DETAILED DESCRIPTION 

5 Certain systems and processes for providing continuous motion SLS 

are described in U.S. Patent Nos. 6,322,625 and 6,368,945 and U.S. patent application 
serial nos. 09/390,535 and 09/390,537. In addition, systems and processes for 
providing uniform small grained materials ("UGS") techniques are described in U.S. 
Patent Application Serial Nos. 60/405,084, 60/405,083 and 60/405,085, and 

0 International Applications PCT/US03/25946, PCT/US03/25972 and 

PCT/US03/25954. Exemplary systems and processed according to the present 
invention can employ principles and components thereof to sequentially process a thin 
film of each of two or more semiconductor samples In particular, the system and 
process according to the present invention can be used to process two or more 

5 samples (provided on distinct stages). Each of the sample has an amorphous silicon 
thin film provided thereon. 

In particular, as shown in Fig. 1, an exemplary embodiment of the 
system according to the present invention may include a beam source 1 10 (e.g., a 
Lambda Physik model LPX-3 1 51 XeCl pulsed excimer laser) emitting a pulsed 
0 irradiation beam (e.g., a laser beam), a controllable beam energy density modulator 
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120 for modifying the energy density of the irradiation beam, and a MicroLas two 
plate variable attenuator 130 (e.g., from MicroLas). It should be understood by those 
skilled in the art that instead of the beam source 1 10 (e.g., the pulsed excimer laser), it 
is possible to use a pulsed solid state laser, a chopped continuous wave laser, a pulsed 
5 electron beam and a pulsed ion beam, etc. Typically, the radiation beam pulses 1 1 1 
generated by the beam source 110 provide a beam intensity in the range of 10 mJ/cm 2 
to 1 J/cm 2 , a pulse duration (FWHM) in the range of 10 to 300 nsec, and a pulse 
repetition rate in the range of 10 Hz to 300 Hz. The modulated beam pulses 135 
exiting a beam attenuator and shutter 130 can be provided to a beam directing 
1 0 arrangement 200, which further directs the pulsed beam either to a first chamber 210 
or to a second chamber 220. Exemplary details of such chambers 210, 220 shall be 
described below in further detail, with reference to Fig. 2. 

Each of the first and second chambers 210, 220 is configured to be able 
to load therein the semiconductor sample prior to the thin film (or portion thereof) of 

1 5 such sample being irradiated and melted by the pulsed beam, solidified and then 

crystallized using one or more sequential lateral solidification ("SLS") and/or uniform 
small grained materials ("UGS") techniques. In addition, upon the completion of such 
processing of the semiconductor sample, each of these chambers 210, 220 can be 
configured to remove the SLS/UGS-processed sample therefrom, and load another 

20 unprocessed sample after the previously SLS-processed sample is removed. 

The exemplary embodiment of the system illustrated in Fig. 1 also 
includes a processing arrangement 100 (e.g., a computer which includes a 
microprocessor executing instructions thereon, such as those implemented by 
software stored on its storage device or which is provided remotely therefrom). This 

25 processing arrangement 100 is communicably coupled to the beam source 1 10, the 
energy density modulator 120, and the beam attenuator and shutter 130. In this 
manner, the processing arrangement 100 can control the rate of the pulse of the beam 
being emitted by the beam source 1 10. The processing arrangement 100 can also 
control the repetition of the pulsed beam, as well as its modulation and attenuation 

30 (e.g., using arrangements 120, 130). 
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The processing arrangement 100 is further communicably coupled to 
the beam directing arrangement 200, the first chamber 210 and the second chamber 
220. Such coupling by the processing arrangement 100 to first chamber 210 and the 
second chamber 220 provides information to the processing arrangement regarding 
whether the entire sample in the respective chamber has been completely crystallized 
using the particular SLS and/or UGS technique, if the previously processed sample 
has been unloaded from the chamber, and if the unprocessed sample has been loaded 
into such chamber. In addition, the processing arrangement 100 can control the 
loading and unloading of the sample into the chambers 210, 220. 

With such information, the processing arrangement 100 can control the 
beam directing arrangement 200 to selectively direct the pulsed beam 135 toward the 
first chamber 210 or the second chamber, depending on the information obtained by 
the processing arrangements 100 from these chambers 210, 220. The details of the 
control by the processing arrangement 100 of the beam directing arrangement 200 
1 5 based on such information shall be described in further detail below. 

In exemplary operation of the system and process according to the 
present invention, the SLS and/or UGS processing of the sample in the first chamber 
210 can be performed under the control of the processing arrangement 100 such that 
the pulsed beam 135 is provided by the beam directing arrangement 200 to the first 
20 chamber 210 so as to irradiate and crystallize the semiconductor sample therein. 
During such SLS-processing of the sample in the first chamber 210, the previously 
SLS-processed sample situated in the second chamber 220 is unloaded also under the 
control and direction of the processing arrangement 100, and a different, previously- 
unprocessed sample is loaded into this second chamber 220. 

25 U P° n 4116 completion of the SLS and/or UGS processing of the sample 

in the first chamber 210, the processing arrangement 100 determines if the new 
unprocessed sample has been properly loaded into the second chamber 220 (e.g., unto 
a stage thereof). If that is the case, the processing arrangement 100 controls the beam 
directing arrangement 200 to direct the pulsed beam 135 toward the second chamber 

30 220 so as to SLS-process and/or UGS-process the new sample that has been loaded 
into the second chamber 220. When the SLS-processing of this sample in the second 
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chamber 220 is commenced, the processing arrangement 100 controls the first 
chamber 210 (e.g., a stage thereof) to unload the SLS/UGS-processed sample 
therefrom, and then load another yet-unprocessed semiconductor sample into the first 
chamber 210. In this manner, while one sample is being processed in one chamber, 
another unprocessed sample is loaded to a further chamber to be SLS/UGS-processed 
immediately or shortly thereafter. 

As described above, this exemplary procedure is effectuated, without 
shutting down the beam source 1 10, by re-directing the beam from the previously 
irradiated chamber to another chamber which has loaded therein the unprocessed 
sample so as to subsequently SLS/UGS -process such sample. This exemplary 
procedure continues until it is determined (either by the processing arrangement 100 
and/or manually by an operator of the system) that the intended samples have been 
SLS/UGS-processed. At that time, the beam source 1 10 is shut down, and the 
loading/unloading of the samples in the first and second chambers 210, 220 can be 
15 stopped. 

In this manner, the pulsed beam 135 is operated until all intended 
samples have been SLS-processed, without being shut down between the processing 
of the subsequent samples. Therefore, due to the fact the pulsed beam is not shut 
down by the beam source 110, such beam can be pulsed or shot continuously, and its 

20 stability would not be compromised. In addition, the loading and uirfoading time 
within of one chamber can be used to process a further semiconductor sample in 
another chamber so as to continuously process the samples in the chambers, and thus 
the price-per-shot achieved with these system and process of the present invention 
may be significantly smaller that the price-per-shot effectuated by the conventional 

25 systems. 

Fig. 2 shows a detailed illustration of an exemplary embodiment of at 
least one of the chambers 210, 220 that are provided in Fig. 1. In particular, the 
exemplary chamber of Fig. 2 includes beam steering mirrors 140, 143, 147, 160 and 
162, beam expanding and collimating lenses 141 and 142, a beam homogenizer 144, a 
30 condenser lens 145, a field lens 148, a projection mask 150 which may be mounted in 
a translating stage (not shown), a 4x-6x eye piece 161, a controllable shutter 152, a 
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multi-element 4x - 6x objective lens 163 for focusing a radiation beam pulse 164 
onto the sample 170 having the semiconductor thin film to be processed mounted on a 
sample translation stage 180, and a granite block optical bench 190 supported on a 
vibration isolation and self-leveling system 191, 192, 193 and 194. The pulsed beam 
135 is forwarded toward the chamber and to the beam steering mirror 140 by the 
beam directing arrangement 200 

The computing arrangement 1 00 is communieably coupled to and the 
sample translation stage 180. As described in U.S. Patent Nos. 6,322,625 and 
6,368,945, the sample translation stage 180 is preferably controlled by the processing 
arrangement 100 to effectuate translations of the sample 170 in the planar X-Y 
directions, as well as in the Z direction. In this manner, the processing arrangement 
100 can control the relative position of the sample 170 with respect to the irradiation 
beam pulse 164 directed at the respective sample 170. In addition, the processing 
| arrangement 100 can control the loading of the sample 170 to the translation stage 
15 180, and unloading thereof from the translation stage 180, in the manner described 
herein above, and as shall further be described below. 

Fig. 3 shows a detailed illustration of an exemplary embodiment of the 
beam directing arrangement 200 of Fig. 1 . In particular, the beam directing 
arrangement 200 is designed so as to selectively direct the pulsed beam 135 toward a 
particular chamber, e.g., pursuant to the instructions of the processing arrangement 
100. As described above, upon the completion of the SLS-processing of the sample 
170 in the first chamber 210, the processing arrangement 100 may configure the beam 
directing arrangement 200 to direct the pulsed beam to the second chamber 220 so as 
to SLS-process the newly-loaded and previously unirradiated sample 170 that is 
25 provided on the translation stage 1 80 of the second chamber 220. 

This can be accomplished by providing a beam reflecting member 250 
(e.g., a mirror) in the beam directing arrangement 200 so that it would be able to 
selective control the path of the pulsed beam 135 (based on the instructions of the 
processing arrangement 100) toward the first chamber 210 or the second chamber 
30 220. It should be understood by those skilled in the art that, either in addition or 

instead of the beam reflecting member 250, it is also possible to use other mechanical 
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components in the beam directing arrangement 200 to selectively direct the pulsed 
beam in the manner discussed above. 

Fig. 4 shows a top-level flow diagram of an exemplary embodiment of 
a process according to the present invention for sequentially SLS-processing and/or 
5 UGS-processing two or more samples, with each sample being provided in the 

respective chamber. In step 1000, the hardware components of the system of Fig. 1, 
such as the beam source 1 10, the energy beam modulator 120, and the beam 
attenuator and shutter 130 are first initialized at least in part by the processing 
arrangement 100. The sample 170 is loaded onto the sample translation stage 180 of 

1 0 the first chamber in step 1005. It should be noted that such loading may be performed 
either manually or automatically using known sample loading apparatuses under the 
control of the processing arrangement 100. Next, the sample translation stage 180 of 
the first chamber 210 can be moved, preferably under the control of the computing 
arrangement 100, to an initial position in step 1010. Various other optical 

15 components of one or more of the chambers 210, 220 may be adjusted and/or aligned 
either manually or under the control of the processing arrangement 100 for a proper 
focus and alignment in step 1015, if necessary. In step 1020, the irradiation beam 1 1 1 
can be stabilized at a predetermined pulse energy level, pulse duration and repetition 
rate. 

20 Then, in step 1027, the entire sample 170 that is provided on the stage 

180 of the first chamber 210 is irradiated according to one or more of the SLS- 
techniques and/or UGS-techniques described in the publications listed above until 
such sample is completely processed. Then, in step 1030, the processing arrangement 
100 determines if the next unprocessed sample is available in the second chamber 

25 220. In particular, it is determined if the next unprocessed sample 1 70 has been 
loaded into the translation stage 180 of the second chamber 220. If that is not the 
case, then the exemplary process according to the present invention waits until the 
sample 170 is loaded unto the stage 1 80 of the second chamber 220. Otherwise, in 
step 1035, the unprocessed sample 170 arranged on the translation stage 180 of the 

30 second chamber 220 is irradiated according to one or more of the SLS/UGS- 
techniques until it is completely processed. 
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Then, in step 1 040, it is determined whether there are any further 
samples to be SLS-processed and/or UGS-processed. If so, in step 1 045, the pulsed 
beam is directed to process another unprocessed sample that is loaded unto the 
translation stage 180 of the first chamber 210 (from which the previously SLS/UGS- 
5 processed sample has been unloaded), and the process according to the present 
invention returns to step 1030 for processing such unprocessed sample 170 that is 
provided in the first chamber 210, as described above. If, in step 1040, it is 
determined that there are no more samples to be processed, and the hardware 
components and the beam 1 1 1 of the system shown in Fig. 1 can be shut off in step 
10 1050, and this process may be terminated. 

Fig. 5 shows a detailed flow diagram of an exemplary embodiment of 
step 1035 of the process according to the present invention in which the sample 170 
provided on one translation stage 170 of a particular chamber (e.g., the second 
chamber 220) is being SLS/UGS-processed, while previously SLS-processed sample 
170 is unloaded from the translation stage 180 of another chamber (e.g., the first 
chamber 210), and an unprocessed sample is loaded thereon. In particular, while the 
sample 170 (provided in the second chamber 220) is being irradiated to be completely 
SLS/UGS-processed in step 2010, the previously SLS/UGS-processed sample 170 of 
the first chamber 210 is unloaded from this chamber 210 (step 2020), and then 
another unprocessed sample 170 is loaded unto the translation stage 180 of the first 
chamber 210 (step 2030). Step 2010 is preferably performed contemporaneously (or 
at least in the same time period) as steps 2020 and 2030. 

Thereafter, it is determined, in step 2040, whether the SLS/UGS- 
processing of the sample 170 provided in the second chamber 220 being irradiated in 
step 2010 has been completed. If not, the process according to the present invention 
(preferably under the control of the processing arrangement 100) waits until the 
processing of such sample 170 is completed in the second chamber 220. Otherwise, it 
is determined, in step 2050, whether, the new unprocessed sample 170 is loaded onto 
the translation stage 180 of the first chamber 210. If such unprocessed sample 170 
has not yet been loaded, the pulsed beam is provided away from the completely 
SLS/UGS-processed sample 170 that is arranged in the second chamber 220 with the 
aid of the beam directing arrangement 200, and under the control of the processing 
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airangement 100. This is performed without the need to shut down the beam source 
1 10, thus not compromising the stability of the pulsed beam 135, 164. If it is 
determined that the unprocessed sample 170 has been loaded onto the translation 
stage 180 of the first chamber 210, the process according to the present invention 
5 continues to step 1040, directs the pulsed beam (using the beam directing arrangement 
200 under the control of the processing arrangement 100) to irradiate and completely 
SLS-process the unprocessed sample 170 loaded onto the stage 180 of the first 
chamber 210. 

It is to be understood that while the invention has been described in 
10 conjunction with the detailed description hereof, the foregoing description is intended 
to illustrate and not limit the scope of the invention. Other aspects, advantages, and 
modifications are within the scope of the present invention. In particular, other 
exemplary embodiments of the system and process according to the present invention 
can process the samples provided in more than two chambers. For such 
1 5 embodiments, the processing arrangement 100 may control the beam directing 

arrangement to selectively direct the pulsed beam 135 to each of these chambers when 
new unprocessed samples are loaded therein. 

The foregoing merely illustrates the principles of the invention. 
Various modifications and alterations to the described embodiments will be apparent 

20 to those skilled in the art in view of the teachings herein. For example, while the 
above embodiment has been described with respect to at least partial lateral 
solidification and crystallization of the semiconductor thin film, it may apply to other 
materials processing techniques, such as miao-machining, photo-ablation, and micro- 
patterning techniques, including those described in International patent application no. 

25 PCT/US01/12799 and U.S. patent application serial nos. 09/390,535, 09/390,537 and 
09/526,585, the entire disclosures of which are incorporated herein by reference. The 
various mask patterns and intensity beam patterns described in the above-referenced 
patent application can also be utilized with the process and system of the present 
invention. It will thus be appreciated that those skilled in the art will be able to devise 

30 numerous systems and methods which, although not explicitly shown or described 
herein, embody the principles of the invention and are thus within the spirit and scope 
of the present invention. 



WO 2004/075263 ^ ^PCT/US2004/004929 



WHATISCLATMKDTS- 



1 . A process for processing at least one section of each of a plurality of 
semiconductor film samples, comprising the steps of: 
5 (a) controlling an irradiation beam source to emit successive irradiation 

beam pulses at a predetermined repetition rate; 

(b) using the emitted beam pulses, irradiating the at least one section of a 
first sample of the semiconductor film samples using at least one of a first sequential 
lateral solidification ("SLS") technique and a first uniform small grained material 

1 0 ("UGS") technique to process the at least one section of the first sample; 

(c) upon the completion of step (b), redirecting the beam pulses to impinge 
the at least one section of a second sample of the semiconductor film samples; and 

(d) using the redirected beam pulses, irradiating the at least one section of 
the second sample using at least one of a second SLS technique and second UGS 
techniques to process the at least one section of the second sample, the first and 
second techniques being one of different from one another and substantially the same. 



15 



2. The process according to claim 1, wherein the second sample is an 
unprocessed sample, wherein, in step (b), the first sample is loaded on a stage of a 

20 first chamber, wherein, in step (d), the second sample is provided on a stage of the 
second chamber. 

3. The process according to claim 2, further comprising the steps of: 
(e) during step (b), unloading a third sample of the film samples 

25 previously irradiated and processed using at least one of the first and second 
techniques from the stage of the second chamber, and 

(f) during step (b), after step (e) and before step (d), loading the second sample 
unto the stage of the second chamber. 
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4. The process according to claim 3, further comprising the steps of: 

(g) during step (d), unloading the first sample from the stage of the first 
chamber; and 
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(h) during step (d) and after step (g), loading a fourth unprocessed sample 
of the film samples unto the stage of the first chamber. 

5. The process according to claim 4, further comprising the steps of: 

(i) upon the completion of step (h), redirecting the beam pulses to impinge 
the at least one section of the fourth sample; and 

0) after step (i) and using the redirected beam pulses, irradiating the at 
least one section of the fourth sample using at least one of the first and second 
techniques to process the at least one section of the fourth sample. 



10 



6. The process according to claim 1, wherein the beam pulses are redirected in 
step (c) using a beam redirecting arrangement which includes a beam reflection 
device. 

15 7. The process according to claim 3, further comprising the steps of: 

(k) determining if the second sample successfully loaded unto the stage of 
the second chamber, and 

(1) if step (k) produces an unsuccessful determination, preventing the 
irradiation of the second sample in step (d) until step (k) produces a successful result 

20 

8. The process according to claim 1, further comprising the steps of: 

(m) determining if all of the at least one section of the first sample was 
successfully processed in step (b); and 

(n) if step (m) produces an unsuccessful determination, preventing the 
25 irradiation of the second sample in step (d) until step (k) produces a successful result 

9. A system for processing at least one section of each of a plurality of 
semiconductor film samples, comprising: 

a processing arrangement which, when executing a set of instruction, is 
30 operable to: 

(a) control an irradiation beam source to emit successive irradiation beam 
pulses at a predetermined repetition rate, 



WO 2004/075263 



PCT/US2004/004929 



(b) using the emitted beam pulses, direct the beam pulse to irradiate the at 
least one section of a first sample of the semiconductor film samples 
using at least one of a first sequential lateral solidification ("SLS") 
technique and a first uniform small grained materials("UGS lf ) 

5 technique to process the at least one section of the first sample, 

(c) upon the completion of the processing of the at least one section of the 
first sample, effect a redirection of the beam pulses to impinge the at 
least one section of a second sample of the semiconductor film 
samples, and 

0 (d) direct the redirected beam pulse to irradiate the at least one section of 

the second sample using at least one of a second SLS technique and a 
second UGS technique to process the at least one section of the second 
sample, the first and second techniques being one of different from one 
another and substantially the same. 



10. The system according to claim 9, wherein the second sample is an 
unprocessed sample, wherein the processing arrangement is operable to load the first 
sample on a stage of a first chamber, wherein the processing arrangement is operable 
to load the second sample on a stage of the second chamber. 

11. The system according to claim 10, wherein the processing arrangement is 
further operable to: 

(e) during the irradiation of the first sample, effect an unloading of a third 
sample of the film samples previously irradiated and processed using at 
least one of the first and second techniques from the stage of the 
second chamber, and 

(f) during the irradiation of the first sample and after the unloading of the 
second sample, effect a loading of the second sample unto the stage of 
the second chamber. 

12. The system according to claim 1 1, wherein, the processing arrangement is 
further operable to: 
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(g) during the irradiation of the second sample, effecting the unloading the 
first sample from the stage of the first chamber, and 

(h) during the irradiation of the second sample and after the unloading of 
the first sample, effect a loading of a fourth unprocessed sample of the 

5 film samples unto the stage of the first chamber. 

13. The system according to claim 12, wherein the processing arrangement is 
further operable to: 

(i) upon the completion of the loading of the fourth sample, effecting a 
10 redirection of the beam pulse to impinge the at least one section of the 

fourth sample, and 

(j) after redirecting the beam pulses to impinge the at least one section of 
the fourth sample, directing the redirected beam pulses to irradiate the 
at least one section of the fourth sample using at least one of the first 
15 311(1 second techniques to process the at least one section of the fourth 

sample. 

14. The system according to claim 9, wherein the processing arrangement is 
operable to redirect the beam pulses a beam redirecting arrangement which includes a 

20 beam reflection device. 

15. The system according to claim 11, wherein the processing arrangement is 
further operable to; 

(k) determine if the second sample successfully loaded unto the stage of 
25 the second chamber, and 

(1) if item (k) produces an unsuccessful determination, prevent the 
irradiation of the second sample in until the second sample is 
successfully loaded unto the stage of the second chamber. 
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16. The system according to claim 9, wherein the processing arrangement is 
further operable to: 
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(m) determine if all of the at least one section of the first sample was 
successfully processed; and 

(n) if item (m) produces an unsuccessful determination, preventing the 
irradiation of the second sample until the processing of all of the at 
least one section of the first sample has been successfully processed. 
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